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Immunological responses of black tiger shrimp (Penaeus monodon) were induced under laboratory
conditions by injecting white spot syndrome virus (WSSV) and yellow head virus (YHV). The survivors
from WSSV and YHV infection showed improvement in their immunity against the re-challenging by both
viruses.  The  WSSV  survivors  showed  higher  capability  than  that  of  YHV  survivors  in  developing  the
immunity. The highest relative percent survival (RPS) against WSSV and YHV noted after a 43-day period
of WSSV injection was 67 and 37.5%, respectively. While the RPSs against both viruses after periods of 46
and 60 days of the YHV injection were 37.5 and 12.1%. Similarly, an in vitro neutralization activity of plasma
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separated from  the survivors with WSSV injection showed preference of virus being eliminated over the
plasma from YHV injection.
Blood parameters for survivors with WSSV injection for 43 days showed an increase in phenoloxi-
dase activity, while the YHV injected survivors exhibited higher level of total hemocytes and phenoloxidase
activity. Histopathological examinations in survivors revealed changes of lymphatic tubes into spheroids
higher than those in normal individual.
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™ÿ¥∑’Ë¡’Õ—µ√“√Õ¥µ“¬ Ÿß ÿ¥À≈—ß∑¥ Õ∫§«“¡ “¡“√∂„π°“√
µâ“π∑“π°“√µ‘¥‡™◊ÈÕ‰«√— ´È”®“°º≈°“√∑¥≈Õß„π¢âÕ 3)
¡“‡À«’Ë¬ß·¬°‡¡Á¥‡≈◊Õ¥¥â«¬‡§√◊ËÕßÀ¡ÿπ‡À«’Ë¬ß (centrifuge)
¥â«¬§«“¡‡√Á« 1,600 xg Õÿ≥À¿Ÿ¡‘ 4°C π“π 10 π“∑’
π” à«π„  900 ‰¡‚§√≈‘µ√ ¡“º ¡°—∫ “√≈–≈“¬‡™◊ÈÕ‰«√— 
·µà≈–™π‘¥∑’Ë‡µ√’¬¡‡¢â¡¢âπ°«à“§à“ LD50 100 ‡∑à“ ª√‘¡“µ√
100 ‰¡‚§√≈‘µ√ «“ß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 20°C π“π 3 ™—Ë«‚¡ß
·≈–π” “√≈–≈“¬‡™◊ÈÕ¡“‡®◊Õ®“ßÕ’° 10 ‡∑à“ ¥â«¬ “√≈–≈“¬
øÕ ‡øµ∫—æ‡øÕ√å π”‰ª©’¥°ÿâß°ÿ≈“¥”ª°µ‘¢π“¥ 4-6 °√—¡
µ—«≈– 20 ‰¡‚§√≈‘µ√ ‡≈’È¬ß°ÿâß∑¥≈Õß„π∂—ß‰ø‡∫Õ√å∑’Ë‡µ‘¡πÈ”
200 ≈‘µ√ ∂—ß≈– 10 µ—« „ÀâÕ“À“√‡¡Á¥ ∑”§«“¡ –Õ“¥µŸâ
¥Ÿ¥µ–°Õπ ‡ª≈’Ë¬π∂à“¬πÈ”∑ÿ°«—π µ√«®π—∫®”π«π°ÿâß∑’Ëµ“¬
∑ÿ°«—π‡ªìπ‡«≈“ 15 «—π §”π«≥Õ—µ√“√Õ¥µ“¬„π·µà≈–™ÿ¥
°“√∑¥≈Õß‡∑’¬∫°—∫°ÿâß™ÿ¥§«∫§ÿ¡
5. °“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥°ÿâß°ÿ≈“¥”
‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥°ÿâß°ÿ≈“¥”∑’Ë√Õ¥µ“¬®“°°“√
‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ WSSV π“π 29 43 ·≈– 57
«—π ™ÿ¥°“√∑¥≈Õß∑’Ë‡Àπ’Ë¬«π”„Àâµ‘¥‡™◊ÈÕ YHV π“π 32
46 ·≈– 60 «—π ·≈–°ÿâßª°µ‘„π™ÿ¥§«∫§ÿ¡¢Õß·µà≈–™ÿ¥°“√
∑¥≈Õß∑’Ë√–¬–‡«≈“‡¥’¬«°—π  ¡“π—∫®”π«π‡¡Á¥‡≈◊Õ¥√«¡
µ“¡«‘∏’°“√¢Õß°‘®°“√ ·≈– ‘∑∏‘ (2538) «‘‡§√“–Àå°‘®°√√¡
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ª√‘¡“≥∑Õß·¥ß„π´’√—¡¥â«¬‡§√◊ËÕß atomic absorption
spectrophotometer
6. °“√»÷°…“æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ°ÿâß°ÿ≈“¥”
°ÿâß°ÿ≈“¥”√Õ¥µ“¬„π·µà≈–™ÿ¥°“√∑¥≈Õß  ·≈–°ÿâß
„π™ÿ¥§«∫§ÿ¡∑’Ë√–¬–‡«≈“‡¥’¬«°—∫°“√‡°Á∫µ—«Õ¬à“ß‡æ◊ËÕ
«‘‡§√“–ÀåÕß§åª√–°Õ∫‡≈◊Õ¥  π”¡“‡°Á∫√—°…“ ¿“æ‚¥¬„™â
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(H&E) (Humason,1979) µ√«®º≈¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå
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„πÀâÕßªØ‘∫—µ‘°“√
º≈°“√∑¥≈Õß
1. °“√‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ‰«√— „πÀâÕßªØ‘∫—µ‘°“√
·≈–°“√§ßÕ¬Ÿà¢Õß‡™◊ÈÕ‰«√— „πµ—«°ÿâß
°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ WSSV ‚¥¬«‘∏’©’¥
‡™◊ÈÕ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπµË”°«à“§à“ LD50 10,000 ‡∑à“ æ∫
°ÿâß· ¥ßÕ“°“√µ‘¥‡™◊ÈÕ«—π∑’Ë 7 À≈—ß°“√©’¥ ·≈–∑¬Õ¬µ“¬
Õ¬à“ßµàÕ‡π◊ËÕßµ—Èß·µà«—π∑’Ë 10-17 ·µàÀ≈—ß®“°«—π∑’Ë 21 ¢Õß
°“√∑¥≈Õß ‰¡àæ∫°“√µ“¬¢Õß°ÿâß„π™ÿ¥¥—ß°≈à“« ‚¥¬Õ—µ√“
√Õ¥µ“¬¢Õß°ÿâß∑¥≈ÕßÀ≈—ß°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ
29 «—π ª√–¡“≥ 31% ¢≥–∑’Ë™ÿ¥§«∫§ÿ¡¡’Õ—µ√“√Õ¥µ“¬
ª√–¡“≥ 89%
 à«π°ÿâß°ÿ≈“¥”∑’Ëµ‘¥‡™◊ÈÕ YHV ∑’Ë§«“¡‡¢â¡¢âπµË”°«à“
§à“ LD50 100,000 ‡∑à“ æ∫«à“°ÿâß∑’Ë‰¥â√—∫‡™◊ÈÕ‡√‘Ë¡µ“¬«—π∑’Ë
3  ·≈–¡’Õ—µ√“°“√µ“¬ Ÿß ÿ¥«—π∑’Ë 14 À≈—ß©’¥‡™◊ÈÕ ·≈–
®”π«π°“√µ“¬≈¥≈ß‡√◊ËÕ¬Ê ®π°√–∑—Ëß‰¡à¡’°ÿâßµ“¬µ‘¥µàÕ°—π
5 «—π µ—Èß·µà«—π∑’Ë 22-26 À≈—ß°“√©’¥ ‚¥¬Õ—µ√“√Õ¥µ“¬
¢Õß°ÿâß∑¥≈ÕßÀ≈—ß°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ 26 «—π
ª√–¡“≥ 60% ™ÿ¥§«∫§ÿ¡¡’Õ—µ√“√Õ¥µ“¬ª√–¡“≥ 95%
‡¡◊ËÕµ√«® Õ∫°“√µ‘¥‡™◊ÈÕ WSSV æ∫«à“À≈—ß®“°
©’¥‡™◊ÈÕ 2 «—π °ÿâß¡’°“√µ‘¥‡™◊ÈÕ 100% ·≈–≈¥‡À≈◊Õ 75
25 ·≈– 16.7% ∑’Ë 7  14 ·≈– 21 «—π µ“¡≈”¥—∫ À≈—ß®“°
π—Èπµ√«®‰¡àæ∫‡™◊ÈÕ‰«√— „π°ÿâß™ÿ¥¥—ß°≈à“«  ·≈–‰¡àæ∫°“√
ªπ‡ªóôÕπ‡™◊ÈÕ‰«√— Õ◊Ëπ„π°ÿâß™ÿ¥∑¥≈Õß·≈–™ÿ¥§«∫§ÿ¡µ≈Õ¥
√–¬–‡«≈“°“√∑¥≈Õß  ‡¡◊ËÕµ√«® Õ∫°“√§ßÕ¬Ÿà¢Õß‡™◊ÈÕ
YHV  „πµ—«°ÿâß°ÿ≈“¥”À≈—ß©’¥‡™◊ÈÕ‰«√— ∑’Ë§«“¡‡¢â¡¢âπ
µË”°«à“§à“ LD50 100,000 ‡∑à“  æ∫°ÿâß∑’Ëµ“¬√–À«à“ß«—π∑’Ë
4-21 µ‘¥‡™◊ÈÕ YHV 100% ¢≥–∑’Ë°ÿâß¡’™’«‘µ„π√–¬–‡«≈“
‡¥’¬«°—π¬—ß¡’‡™◊ÈÕ‰«√— ™π‘¥‡¥‘¡Õ¬Ÿà„πµ—« 80% ·≈–º≈°“√
 ÿà¡µ—«Õ¬à“ßÀ≈—ß°“√‡Àπ’Ë¬«π”„Àâµ‘¥‡™◊ÈÕ 26 ·≈– 32 «—π
µ√«®æ∫°ÿâß¬—ß¡’‡™◊ÈÕ‰«√— Õ¬Ÿà„πµ—« 40 ·≈– 16.7% µ“¡
≈”¥—∫    À≈—ß®“°π—Èπµ√«®‰¡àæ∫°“√µ‘¥‡™◊ÈÕ‰«√— „πµ—«°ÿâß
√Õ¥µ“¬®“°°“√ ÿà¡∑ÿ°Ê 14 «—π ‰¡àæ∫°“√ªπ‡ªóôÕπ‡™◊ÈÕ
‰«√—  WSSV „π°ÿâß™ÿ¥∑¥≈Õß ·≈–‰¡àæ∫‡™◊ÈÕ‰«√— ∑—Èß 2
™π‘¥„π°ÿâß™ÿ¥§«∫§ÿ¡µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß«.  ß¢≈“π§√‘π∑√å «∑∑.
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2. §«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‚√§¢Õß°ÿâß°ÿ≈“¥”√Õ¥
µ“¬®“°°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ‰«√— „πÀâÕß
ªØ‘∫—µ‘°“√
2.1 §«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ‰«√— ¢Õß
°ÿâß√Õ¥µ“¬®“°°“√µ‘¥‡™◊ÈÕ WSSV
°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ
‡™◊ÈÕ‰«√— ¢Õß°ÿâß°ÿ≈“¥”∑’Ë√Õ¥µ“¬À≈—ß©’¥‡™◊ÈÕ§√—Èß·√° 29
«—π  ´÷Ëßµ√«®‰¡àæ∫‡™◊ÈÕ§ßÕ¬Ÿà„πµ—«°ÿâß°àÕππ”¡“‡Àπ’Ë¬«π”
„Àâµ‘¥‡™◊ÈÕ´È”‚¥¬°“√©’¥ æ∫«à“°ÿâß™ÿ¥∑¥≈Õß¡’Õ—µ√“√Õ¥µ“¬
22 ·≈– 6% ‡¡◊ËÕ©’¥´È”¥â«¬‡™◊ÈÕ WSSV ·≈– YHV µ“¡
≈”¥—∫  à«π°ÿâß™ÿ¥§«∫§ÿ¡¡’Õ—µ√“√Õ¥µ“¬ 32% ®“°°“√©’¥
¥â«¬‡™◊ÈÕ WSSV ·≈–‰¡à¡’°ÿâß√Õ¥µ“¬‡¡◊ËÕ©’¥¥â«¬‡™◊ÈÕ YHV
 ”À√—∫°ÿâß√Õ¥µ“¬ 43 «—π ¡’Õ—µ√“√Õ¥µ“¬ 85 ·≈– 75%
À≈—ß°“√©’¥‡™◊ÈÕ WSSV ·≈– YHV µ“¡≈”¥—∫ „π¢≥–∑’Ë
°ÿâß™ÿ¥§«∫§ÿ¡¡’Õ—µ√“√Õ¥µ“¬ 60 ·≈– 55% À≈—ß°“√©’¥
‡™◊ÈÕ‡¥’¬«°—π  °ÿâß√Õ¥µ“¬À≈—ß®“°µ‘¥‡™◊ÈÕ§√—Èß·√° 57 «—π
¡’Õ—µ√“√Õ¥µ“¬À≈—ß®“°©’¥‡™◊ÈÕ‡¥‘¡´È” 12% ·≈–¡’Õ—µ√“
√Õ¥µ“¬‡¡◊ËÕ©’¥‡™◊ÈÕ YHV 7%  à«π™ÿ¥§«∫§ÿ¡¡’Õ—µ√“√Õ¥
µ“¬ 20 ·≈– 60% À≈—ß°“√©’¥‡™◊ÈÕ WSSV ·≈– YHV
´È”‡ªìπ√–¬–‡«≈“ 15 «—π (Figure 1)
‡¡◊ËÕ§”π«≥À“§à“ RPS „π·µà≈–™à«ß‡«≈“∑’Ë∑”
°“√µ‘¥‡™◊ÈÕ‰«√— ´È”  æ∫«à“°ÿâß∑’Ë√Õ¥µ“¬À≈—ß°“√‡Àπ’Ë¬«π”
„Àâµ‘¥‡™◊ÈÕ WSSV 29 ·≈– 57 «—π ‰¡à¡’ RPS µàÕ‡™◊ÈÕ‰«√— 
™π‘¥‡¥‘¡  ·µà°ÿâß∑’Ë√Õ¥µ“¬π“π 43 «—π ¡’ RPS  67%
 ”À√—∫°ÿâß√Õ¥µ“¬™ÿ¥‡¥’¬«°—π¡’ RPS µàÕ‡™◊ÈÕ YHV ´÷Ëß
‡ªìπ‰«√— µà“ß™π‘¥°—∫‡™◊ÈÕ∑’Ë°ÿâß‰¥â√—∫§√—Èß·√°‡æ’¬ß 6 ·≈–
37.5% µ“¡≈”¥—∫ (Table 1)
2.2 §«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ‰«√— ¢Õß
°ÿâß√Õ¥µ“¬®“°°“√µ‘¥‡™◊ÈÕ YHV
‡¡◊ËÕπ”°ÿâß√Õ¥µ“¬À≈—ß®“°°“√‡Àπ’Ë¬«π”„Àâ
‡°‘¥°“√µ‘¥‡™◊ÈÕ YHV „πÀâÕßªØ‘∫—µ‘°“√¡“∑”°“√µ‘¥‡™◊ÈÕ
‰«√— ™π‘¥‡¥‘¡ ·≈–‡™◊ÈÕ WSSV ´È” æ∫°ÿâß√Õ¥µ“¬ 26 «—π
 “¡“√∂µâ“π∑“πµàÕ‡™◊ÈÕ‰«√— ∑—Èß 2  ™π‘¥‰¥âπâÕ¬°«à“™ÿ¥
§«∫§ÿ¡  ”À√—∫°ÿâß√Õ¥µ“¬ 32 «—π  “¡“√∂µâ“π∑“πµàÕ
‡™◊ÈÕ WSSV ‰¥â 66.7%  Ÿß°«à“™ÿ¥§«∫§ÿ¡∑’Ëµ‘¥‡™◊ÈÕ‡¥’¬«°—π
∑’Ë¡’Õ—µ√“√Õ¥µ“¬ 53.3% ·≈–æ∫°ÿâß™ÿ¥¥—ß°≈à“«µâ“π∑“π
µàÕ‡™◊ÈÕ‰«√— ™π‘¥‡¥‘¡∑’Ëµ‘¥´È”‰¥â‡æ’¬ß 40% πâÕ¬°«à“™ÿ¥
§«∫§ÿ¡∑’Ë¡’Õ—µ√“√Õ¥µ“¬ 53.3% ‡¡◊ËÕ∑¥ Õ∫§«“¡ “¡“√∂
„π°“√µâ“π∑“πµàÕ‚√§¢Õß°ÿâß√Õ¥µ“¬ 46 «—π æ∫„Àâº≈
‡™àπ‡¥’¬«°—∫§√—Èß∑’Ë 2 (32 «—π) ‚¥¬°ÿâß√Õ¥µ“¬µâ“π∑“πµàÕ
‡™◊ÈÕ  WSSV  67%   Ÿß°«à“°ÿâß™ÿ¥§«∫§ÿ¡  ´÷Ëß¡’Õ—µ√“√Õ¥
µ“¬ 47% °ÿâß√Õ¥µ“¬ 60 «—π ¡’Õ—µ√“√Õ¥µ“¬‡¡◊ËÕ©’¥‡™◊ÈÕ
WSSV 42.9%  µË”°«à“°ÿâß™ÿ¥§«∫§ÿ¡∑’Ë°ÿâß¡’Õ—µ√“√Õ¥µ“¬
46.7%  à«π°ÿâß√Õ¥µ“¬ 73 «—π ¡’Õ—µ√“√Õ¥µ“¬‡¡◊ËÕ©’¥‡™◊ÈÕ
WSSV ´È”‡∑à“°—∫°ÿâß„π™ÿ¥§«∫§ÿ¡ 12.5% º≈°“√∑¥≈Õß
æ∫°ÿâß√Õ¥µ“¬ 60 «—π ¡’Õ—µ√“√Õ¥µ“¬∂÷ß 40% ‡¡◊ËÕ©’¥
¥â«¬‡™◊ÈÕ™π‘¥‡¥‘¡´È”   Ÿß°«à“™ÿ¥§«∫§ÿ¡∑’Ë¡’Õ—µ√“√Õ¥µ“¬
‡æ’¬ß 33.3%  à«π∑’Ë 73 «—π ¡’Õ—µ√“√Õ¥µ“¬ 9.5%  Ÿß°«à“
™ÿ¥§«∫§ÿ¡∑’Ë‰¡à¡’°ÿâß√Õ¥µ“¬‡≈¬  (Figure 2)
º≈°“√§”π«≥À“§à“ RPS „π·µà≈–™à«ß‡«≈“
∑’Ë∑”°“√∑¥≈Õß©’¥‡™◊ÈÕ‰«√— ´È”  æ∫«à“°ÿâß√Õ¥µ“¬®“°°“√
‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ YHV 26  60 ·≈– 73 «—π
‰¡à¡’ RPS µàÕ‚√§ WSSV „π¢≥–∑’Ë°ÿâß√Õ¥µ“¬ 32 ·≈–
46 «—π ¡’§à“ RPS µàÕ‡™◊ÈÕ¥—ß°≈à“« 28.6 ·≈– 37.5% µ“¡
Table 1. Relative percent survival (RPS) against WSSV and YHV of
survivors induced by WSSV under laboratory condition.
Survivor after infection with Re-challenging of virus RPS
WSSV (day) (%)
29 WSSV   -14.7
43 WSSV     67.0
57 WSSV -105.0
29 YHV      6.0
43 YHV    37.5
57 YHV   -16.3Songklanakarin J. Sci. Technol.
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≈”¥—∫  ”À√—∫§à“ RPS µàÕ‡™◊ÈÕ‡¥‘¡æ∫«à“∑’Ë 26 ·≈– 32 «—π
°ÿâß√Õ¥µ“¬‰¡à¡’ª√– ‘∑∏‘¿“æ„π°“√µâ“π∑“π‡™◊ÈÕ‡¥’¬«°—π∑’Ë
µ‘¥´È”  ·µàÀ≈—ß√Õ¥µ“¬®“°°“√‡Àπ’Ë¬«„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ
46   60 ·≈– 73 «—π °ÿâß√Õ¥µ“¬¡’ RPS µàÕ‡™◊ÈÕ™π‘¥‡¥‘¡
10   12.1 ·≈– 9.5% µ“¡≈”¥—∫ (Table 2)
3. ªØ‘°‘√‘¬“°“√≈∫≈â“ßƒ∑∏‘Ï‡™◊ÈÕ‰«√— ¢ÕßπÈ”‡≈◊Õ¥°ÿâß√Õ¥
µ“¬
‡¡◊ËÕπ”πÈ”‡≈◊Õ¥°ÿâß°ÿ≈“¥”√Õ¥µ“¬À≈—ß°“√‡Àπ’Ë¬«π”
„Àâµ‘¥‡™◊ÈÕ WSSV 43 «—π ¡“º ¡°—∫‡™◊ÈÕ™π‘¥‡¥‘¡·≈â«©’¥
‡¢â“°ÿâßª°µ‘ æ∫°ÿâßª°µ‘À≈—ß‰¥â√—∫‡™◊ÈÕ 15 «—π ¡’Õ—µ√“√Õ¥
µ“¬ 50%  Ÿß°«à“°ÿâß™ÿ¥∑’Ë‰¥â√—∫‡™◊ÈÕ‰«√— º ¡°—∫πÈ”‡≈◊Õ¥°ÿâß
ª°µ‘ ∑’Ë¡’Õ—µ√“√Õ¥µ“¬‡æ’¬ß 40% ‰¡à¡’°ÿâß√Õ¥µ“¬‡≈¬‡¡◊ËÕ
©’¥¥â«¬ “√≈–≈“¬‡™◊ÈÕ YHV  ∑’Ëº ¡°—∫πÈ”‡≈◊Õ¥°ÿâßª°µ‘
·≈–πÈ”‡≈◊Õ¥°ÿâß√Õ¥µ“¬®“°°“√‡Àπ’Ë¬«π”„Àâµ‘¥‡™◊ÈÕ WSSV
¡“°àÕπ    „π¢≥–∑’Ë°ÿâßª°µ‘„π™ÿ¥§«∫§ÿ¡∑’Ë©’¥ “√≈–≈“¬
øÕ ‡øµ∫—æ‡øÕ√å¡’Õ—µ√“√Õ¥µ“¬ 90%  (Figure 3)
‡¡◊ËÕπ”πÈ”‡≈◊Õ¥°ÿâß°ÿ≈“¥”√Õ¥µ“¬®“°°“√µ‘¥‡™◊ÈÕ
YHV ¡“º ¡°—∫‡™◊ÈÕ‡¥‘¡·≈– WSSV ·≈â«π”‰ª©’¥‡¢â“°ÿâß
°ÿ≈“¥”ª°µ‘  ‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æ¢ÕßπÈ”‡≈◊Õ¥„π°“√
≈∫≈â“ß‡™◊ÈÕ‰«√—     æ∫πÈ”‡≈◊Õ¥°ÿâß√Õ¥µ“¬®“°°“√µ‘¥‡™◊ÈÕ
YHV  ¡“°àÕπ “¡“√∂≈∫≈â“ß‡™◊ÈÕ‰«√— ‰¥â  ‚¥¬À≈—ß∑’Ë°ÿâß
ª°µ‘‰¥â√—∫‡™◊ÈÕ WSSV ∑’Ëº ¡πÈ”‡≈◊Õ¥°ÿâß√Õ¥µ“¬ ¡’Õ—µ√“
√Õ¥µ“¬ 40%   Ÿß°«à“Õ—µ√“√Õ¥µ“¬¢Õß°ÿâß™ÿ¥∑’Ë‰¥â√—∫‡™◊ÈÕ
‡¥’¬« °—π·µàº ¡°—∫πÈ”‡≈◊Õ¥°ÿâßª°µ‘∑’Ë¡’Õ—µ√“√Õ¥µ“¬‡æ’¬ß
20%   à«πÕ—µ√“√Õ¥µ“¬¢Õß°ÿâßª°µ‘∑’Ë©’¥¥â«¬πÈ”‡≈◊Õ¥°ÿâß
√Õ¥µ“¬ ·≈–πÈ”‡≈◊Õ¥°ÿâßª°µ‘º ¡‡™◊ÈÕ  YHV  ¡’§à“‡∑à“°—π
10%  ”À√—∫Õ—µ√“√Õ¥µ“¬¢Õß™ÿ¥§«∫§ÿ¡§◊Õ °ÿâßª°µ‘∑’Ë©’¥
¥â«¬ “√≈–≈“¬øÕ ‡øµ∫—æ‡øÕ√å   “√≈–≈“¬øÕ ‡øµ
∫—æ‡øÕ√åº ¡‡™◊ÈÕ WSSV ·≈– “√≈–≈“¬øÕ ‡øµ∫—æ‡øÕ√å
º ¡‡™◊ÈÕ YHV ¡’§à“ 90  10 ·≈– 20% µ“¡≈”¥—∫ (Figure
4)
4. Õß§åª√–°Õ∫‡≈◊Õ¥°ÿâß°ÿ≈“¥”
º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫‡≈◊Õ¥ æ∫‡≈◊Õ¥°ÿâßª°µ‘
·≈–°ÿâß√Õ¥µ“¬À≈—ß‡Àπ’Ë¬«π”„Àâµ‘¥‡™◊ÈÕ WSSV 29 «—π
¡’§à“‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘  „π¢≥–∑’Ë°ÿâß√Õ¥µ“¬ 43 «—π
¡’ª√‘¡“≥¢Õß°≈Ÿ‚§ „π‡≈◊Õ¥ ·≈–√–¥—∫¢Õß‡Õπ‰´¡åøïπÕ≈
ÕÕ°´‘‡¥ ‡∑à“°—∫  72.88±47.12 ¡°.%  ·≈–  445.12±
120.49  ¬Ÿπ‘µ/π“∑’/¡°.‚ª√µ’π   Ÿß°«à“™ÿ¥§«∫§ÿ¡∑’Ë¡’§à“
32.22±17.49 ¡°.% ·≈– 324.41±146.86 ¬Ÿπ‘µ/π“∑’/
¡°.‚ª√µ’π  Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05)   à«πª√‘¡“≥
∑Õß·¥ß„π´’√—¡°ÿâß√Õ¥µ“¬ 57 «—π ¡’§à“ 158.96±42.46
¡°./≈‘µ√   Ÿß°«à“™ÿ¥§«∫§ÿ¡∑’Ë¡’§à“ 120.46±24.70 ¡°./
≈‘µ√  ·µà√–¥—∫°≈Ÿ‚§ „π‡≈◊Õ¥¢Õß°ÿâß√Õ¥µ“¬¡’§à“ 33.21±
13.67  ¡°.%  µË”°«à“‡≈◊Õ¥°ÿâßª°µ‘∑’Ë¡’§à“  45.47±9.02
¡°.%  Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05)    à«πÕß§åª√–°Õ∫
‡≈◊Õ¥Õ◊Ëπ  ‰¡àæ∫§«“¡·µ°µà“ß√–À«à“ß  2  ™ÿ¥°“√∑¥≈Õß
Table 2. Relative percent survival (RPS) against WSSV and YHV of
survivors induced by YHV under laboratory condition.
Time after infection with YHV Re-challenging of virus RPS
(day) (%)
26 WSSV -50.0
32 WSSV   28.6
46 WSSV   37.5
60 WSSV   -9.9
73 WSSV -12.5
26 YHV -80.0
32 YHV -28.6
46 YHV   10.0
60 YHV   12.1
73 YHV     9.5«.  ß¢≈“π§√‘π∑√å «∑∑.
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T
able 3.
Blood parameters of normal and 
WSSV
-induced survivors fr
om dif
fer
ent periods of infestation (Experiment 3).
      Parameters
          Sample fr
om day 29
      Sample fr
om day 43
               Sample fr
om day 57
  Contr
ol
      Survivor
            Contr
ol
 Survivor
       Contr
ol
           Survivor
T
otal haemocyte count
4.38 ± 3.95
a
5.49 ± 2.55
a
3.69 ± 2.09
a
4.90 ± 2.07
a
5.82 ± 1.43
a
4.83 ± 2.83
a
(x10
4
 cell/mm
3
)
(15)
(14)
(13)
(12)
(15)
(12)
Blood glucose
28.32 ± 1
1.70
a
19.25 ± 1
1.29
a
32.22 ± 17.49
b
72.88 ± 47.12
a
45.47 ± 9.02
a
33.21 ± 13.67
b
(mg%)(12)
(12)
(12)
(12)
(15)
(15)
Serum protein
12.03 ± 3.03
a
9.78 ± 4.38
a
12.57 ± 2.66
a
12.07 ± 3.20
a
8.66 ± 1.76
a
9.72 ± 2.82
a
(g%)
(15)
(13)
(14)
 (13)
(15)
(15)
Copper
 (mg/L)
123.37 ± 41.65
a
82.01 ± 62.09
a
188.25  ± 31.49
a
182.27 ± 37.71
a
120.46 ± 24.70
b
158.96 ± 42.46
a
(10)
(8)
(9)
(9)
(10)
(8)
PO activity
195.62 ± 98.19
a
208.37 ± 127.20
a
324.41 ± 146.86
b
445.12 ± 20.49
a
420.57 ± 57.21
a
430.97 ± 172.34
a
(unit/min/mg prot.)
(12)
 (12)
 (12)
(12)
(13)
(1
1)
Means ± SD. 
V
alues in the same r
ow sharing a common superscript ar
e not  statistically dif
fer
ent (p>0.05).
V
alue in par
entheses = n
T
able 4.
Blood parameters of normal and 
YHV
-induced survivors fr
om differ
ent periods of infestation.
      Parameters
          Sample fr
om day 32
      Sample fr
om day 46
               Sample fr
om day 60
  Contr
ol
      Survivor
            Contr
ol
 Survivor
       Contr
ol
           Survivor
T
otal haemocyte count
6.87 ± 1.81
a
6.52 ± 2.26
a
6.32 ± 1.63
a
9.30 ± 1.84
b
6.37 ± 2.60
a
7.51 ± 1.87
a
(x10
4
 cell/mm
3
)
(14)
(14)
(14)
(1
1)
(13)
(13)
Blood glucose
34.76 ± 14.08
a
38.61 ± 1
1.24
a
40.20 ± 13.30
b
37.71 ± 7.56
a
41.29 ± 26.26
a
47.57 ± 12.99
a
(mg%)(15)
(15)
(12)
(14)
(13)
(13)
Serum protein
12.09 ± 2.53
a
12.46 ±2.87
a
9.51 ± 2.98
a
9.99 ± 2.27
a
12.09 ± 2.53
a
12.58 ± 4.18
a
(g%)
(16)
(15)
(15)
 (15)
(18)
(15)
Copper
 (mg/L)
157.16 ± 41.93
a
157.90 ± 30.14
a
163.65  ± 29.66
a
154.60 ± 25.66
a
167.77 ± 42.48
b
162.31 ± 19.99
a
(10)
(10)
(10)
(10)
(9)
(10)
PO activity
237.82 ± 93.36
a
260.92 ± 80.09
a
664.01 ± 1
10.37
b
754.88 ± 135.52
a
360.61 ± 75.56
a
291.88 ± 74.99
a
(unit/min/mg prot.)
(10)
 (10)
 (10)
(10)
(14)
(14)
Means ± SD. 
V
alues in the same r
ow sharing a common superscript ar
e not  statistically dif
fer
ent (p>0.05).
V
alue in par
entheses = nSongklanakarin J. Sci. Technol.
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(Table  3)
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‡≈◊Õ¥°ÿâß°ÿ≈“¥”√Õ¥µ“¬∑’Ëºà“π°“√
µ‘¥‡™◊ÈÕ YHV 32  46 ·≈– 60 «—π °—∫‡≈◊Õ¥°ÿâßª°µ‘„π™ÿ¥
§«∫§ÿ¡ æ∫«à“ª√‘¡“≥°≈Ÿ‚§ „π‡≈◊Õ¥ ‚ª√µ’π·≈–∑Õß·¥ß
„π´’√—¡ √«¡∑—Èß√–¥—∫¢Õß‡Õπ‰´¡åøïπÕ≈ÕÕ°´‘‡¥  ¡’§à“‰¡à
·µ°µà“ß°—π∑“ß ∂‘µ‘  ‡«âπ·µàª√‘¡“≥‡¡Á¥‡≈◊Õ¥√«¡¢Õß°ÿâß
√Õ¥µ“¬ 46 «—π ¡’§à“ 9.30±1.84 ‡´≈≈å/≈∫.¡≈.   Ÿß°«à“
°ÿâßª°µ‘∑’Ë¡’§à“ 6.32±1.63 ‡´≈≈å/≈∫.¡≈. Õ¬à“ß¡’π—¬ ”§—≠
(p<0.05) (Table  4)
5. °“√‡ª≈’Ë¬π·ª≈ß∑“ßæ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ°ÿâß°ÿ≈“¥”
º≈°“√µ√«® Õ∫æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕµàÕ¡
πÈ”‡À≈◊Õß°ÿâß°ÿ≈“¥”‚¥¬°“√¬âÕ¡ ’Œ’¡“∑ÁÕ°‰´≈‘π·≈–Õ’‚Õ´‘π
æ∫«à“∑àÕπÈ”‡À≈◊Õß (lymphoid organ, LO) ¢Õß°ÿâßª°µ‘∑’Ë
‰¡à©’¥ ‘Ëß·ª≈°ª≈Õ¡¡’≈—°…≥–°“√‡√’¬ßµ—«¢Õß‡´≈≈åπÈ”
‡À≈◊Õß∑’Ë¡’≈—°…≥–‡ªìπ eosinophilic √Õ∫Ê ∑àÕ‡≈◊Õ¥∑’Ë
‡√’¬°«à“ lumen (Figure 5) „π¢≥–∑’Ë°ÿâß„π™ÿ¥§«∫§ÿ¡´÷Ëß
©’¥ “√≈–≈“¬øÕ ‡øµ∫—æ‡øÕ√åæ∫∑àÕπÈ”‡À≈◊Õß∫“ß∑àÕ
°≈“¬‡ªìπ°âÕπ°≈¡∑’Ë‰¡à¡’ lumen µ√ß°≈“ß (spheroid,
LOS) ·µà¬—ßæ∫∑àÕπÈ”‡À≈◊Õßª°µ‘°√–®“¬Õ¬Ÿà∑—Ë«‰ª (Figure
6)  à«π°ÿâß√Õ¥µ“¬®“°°“√µ‘¥‡™◊ÈÕ WSSV ·≈– YHV 4-7
 —ª¥“Àå æ∫∑àÕπÈ”‡À≈◊Õß à«π„À≠à°≈“¬‡ªìπ spheroid ∑’Ë¡’
‡´≈≈å®—∫°‘π°—∫∑’Ë‡´≈≈å‡¡Á¥‡≈◊Õ¥ ·≈–‡»…‡´≈≈åµà“ßÊ √«¡°—π
(Figure 7 and 8) ‡¡◊ËÕ°ÿâß√Õ¥µ“¬π“π¢÷Èπ 8-10  —ª¥“Àå
 “¡“√∂æ∫∑àÕπÈ”‡À≈◊Õßª°µ‘‰¥â¡“°¢÷Èπ   à«π‡π◊ÈÕ‡¬◊ËÕÕ◊Ëπ
¢Õß°ÿâß√Õ¥µ“¬®“°°“√‡µ√’¬¡µ—«Õ¬à“ß·≈–¬âÕ¡ ’¥—ß°≈à“«
‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß∑’Ë™—¥‡®π‡¡◊ËÕ‡∑’¬∫°—∫°ÿâßª°µ‘
«‘®“√≥å·≈– √ÿªº≈°“√∑¥≈Õß
®“°°“√∑¥≈Õßµ‘¥‡™◊ÈÕ‰«√— ´È”„π°ÿâß°ÿ≈“¥”∑’Ëºà“π
°“√‡Àπ’Ë¬«π”„Àâµ‘¥‡™◊ÈÕ WSSV ¡“°àÕπ  æ∫°ÿâß¡’§«“¡
 “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ‰«√—  Ÿß¢÷Èπ  ‚¥¬‡©æ“–°ÿâß
√Õ¥µ“¬∑’Ëºà“π°“√µ‘¥‡™◊ÈÕ 43 «—π  “¡“√∂µâ“π∑“πµàÕ‡™◊ÈÕ
‡¥‘¡‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ (RPS 67%) „π¢≥–∑’Ë°ÿâß√Õ¥
µ“¬∑’Ë√–¬–‡«≈“‡¥’¬«°—πµâ“π∑“πµàÕ‡™◊ÈÕ YHV ‰¥âµË”°«à“
(RPS 37.5%) · ¥ß„Àâ‡ÀÁπ«à“°ÿâß°ÿ≈“¥”∑’Ëºà“π°“√µ‘¥‡™◊ÈÕ
WSSV  ¡’°“√ √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—πµàÕ‡™◊ÈÕ‰«√— ‰¥â Ÿß¢÷Èπ
‚¥¬√–∫∫∑’Ë √â“ß¢÷Èπ‡ªìπ≈—°…≥–°÷Ëß®”‡æ“–°—∫‡™◊ÈÕ‰«√— ™π‘¥
‡¥‘¡‰¥â‡ªìπÕ¬à“ß¥’   Õ¥§≈âÕß°—∫º≈°“√»÷°…“„π°ÿâß§ÿ√ÿ¡“
∑’Ë√Õ¥µ“¬®“°°“√µ‘¥‡™◊ÈÕ‰«√— µ—«·¥ß¥«ß¢“« (PAV) ¡’
§«“¡µâ“π∑“πµàÕ‡™◊ÈÕ‡¥‘¡ Ÿß¢÷ÈπÕ¬à“ß™—¥‡®π (RPS 64-
77%) (Venegas et al., 2000; Wu et al., 2002) Õ¬à“ß‰√
°Áµ“¡°“√»÷°…“¥—ß°≈à“«‰¡à‰¥â∑¥ Õ∫§«“¡µâ“π∑“πµàÕ‡™◊ÈÕ
YHV À√◊Õ‡™◊ÈÕ‚√§Õ◊Ëπ  πÕ°®“°π—Èπª√– ‘∑∏‘¿“æ„π°“√
µâ“π∑“πµàÕ‡™◊ÈÕ WSSV ‰¥â¥’°«à“ YHV ¬—ß§ßæ∫„π°ÿâß∑’Ë
√Õ¥µ“¬®“°µ‘¥‡™◊ÈÕ YHV Õ’°¥â«¬ (RPS 37.5% ‡¡◊ËÕ‰¥â
√—∫‡™◊ÈÕ WSSV ·≈– 12.1% ‡¡◊ËÕ‰¥â√—∫‡™◊ÈÕ‰«√— ™π‘¥‡¥‘¡)
· ¥ß«à“√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß°ÿâß°ÿ≈“¥”∑’Ë∂Ÿ°°√–µÿâπ¥â«¬‡™◊ÈÕ
YHV ¡’ª√– ‘∑∏‘¿“æ§àÕπ¢â“ßµË” ·≈–‡ªìπ°“√µÕ∫ πÕß
·∫∫‰¡à®”‡æ“–‡π◊ËÕß®“°°ÿâß “¡“√∂µâ“πµàÕ‡™◊ÈÕµà“ß°≈ÿà¡‰¥â
¥’°«à“‡™◊ÈÕ‡¥‘¡∑’Ë‡Àπ’Ë¬«π”„Àâµ‘¥´È”    Õ¬à“ß‰√°Áµ“¡º≈°“√
∑¥≈Õß∑’Ë‰¥â Õ¥§≈âÕß°—∫¢âÕ —ππ‘…∞“π¢Õß Flegel ·≈–
Pasharawipas (1998)  ∑’Ë«à“°“√‡≈’È¬ß°ÿâß„πæ◊Èπ∑’Ë∑’Ë¡’°“√
√–∫“¥¢Õß‚√§‰«√— À—«‡À≈◊Õß®–∑”„Àâ°ÿâß¡’§«“¡ “¡“√∂
µâ“π∑“πµàÕ‡™◊ÈÕ‡¥‘¡‰¥â¡“°¢÷Èπ ‡π◊ËÕß®“°°ÿâß√Õ¥µ“¬ “¡“√∂
µâ“π∑“πµàÕ‡™◊ÈÕ‡¥‘¡‰¥â¥’°«à“°ÿâß„π™ÿ¥§«∫§ÿ¡  ·µà°“√∑’Ë°ÿâß
°ÿ≈“¥”√Õ¥µ“¬®“°°“√‡Àπ’Ë¬«π”¥â«¬‡™◊ÈÕ YHV ¡’ RPS
µàÕ‡™◊ÈÕ‰«√—  2 ™π‘¥‰¥âµË”°«à“°“√°√–µÿâπ¥â«¬‡™◊ÈÕ WSSV
„π°“√∑¥≈Õß‡¥’¬«°—π ·≈–µË”°«à“°“√°√–µÿâπ¥â«¬‡ªªµ‘‚¥-
°≈—¬·§π„π°ÿâß°ÿ≈“¥”∑’Ëæ∫¡’§à“  RPS  µàÕ‚√§  YHV  ∂÷ß
55.6%  (Boonyaratpalin et al., 1995) Õ“®®–¡’º≈¡“
®“°≈—°…≥–‚§√ß √â“ß¢Õß‡™◊ÈÕ YHV  ∑’Ë¡’‡ª≈◊Õ°Àÿâ¡
(envelope)  §àÕπ¢â“ßÀπ“·µà à«π∑’Ë¡’º≈‡Àπ’Ë¬«π”„Àâ°ÿâß
 √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕµÕ∫ πÕßµàÕ‡™◊ÈÕ  Õ“®‰¡à„™à‡ªìπ
 à«π∑’ËÕ¬Ÿà∫π‡ª≈◊Õ°Àÿâ¡  ‡™àπ‡¥’¬«°—∫∑’Ëæ∫«à“°“√„™â¬’ µå∑—Èß
‡´≈≈å®–°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π¢Õß°ÿâß°ÿ≈“¥”‰¥âµË”·≈–™â“°«à“
°“√„™â‡©æ“– à«π¢Õß°≈Ÿ·§π (¡≈ƒ¥’ ·≈–§≥–, 2543)
Õ¬à“ß‰√°Áµ“¡®“°º≈°“√»÷°…“π’È°Áæ∫«à“°“√°√–µÿâπ¥â«¬
‡™◊ÈÕ‰«√— ¥—ß°≈à“«∑”„Àâ°ÿâß “¡“√∂µâ“π∑“πµàÕ‡™◊ÈÕ YHV
‰¥â¥’°«à“°“√„™â‡´≈≈å·∫§∑’‡√’¬ Vibrio sp. (°‘®°“√ ·≈–
 ‘∑∏‘, 2538)
‡¡◊ËÕ»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß√–¬–‡«≈“∑’Ë„™â„π
°“√°√–µÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π°—∫§«“¡ “¡“√∂„π°“√µâ“π∑“π
µàÕ‚√§‰«√—  æ∫«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫‡™◊ÈÕ WSSV  “¡“√∂
 √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕµâ“π∑“πµàÕ‡™◊ÈÕ YHV ‡æ‘Ë¡¢÷Èπ«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548: «“√‘™»“ µ√å
°“√µÕ∫ πÕß¿Ÿ¡‘§ÿâ¡°—π°ÿâß°ÿ≈“¥”
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Figure 1. Survival rates after re-challenging with
viruses of normal and survivor from
WSSV induced under laboratory con-
dition for 29, 43 and 57 days.
Figure 2. Survival rates after re-challenging with
viruses of normal and survivor from
YHV induced under laboratory con-
dition for 26, 32, 46, 60 and 73 days.
Figure 3. Survival rates of normal shrimp after
challenge by WSSV and YHV neutral-
ized by survivor's serum from a period
of 43 day of WSSV injection.
Figure 4. Survival rates of normal shrimp after
challenge by WSSV and YHV neutral-
ized by survivor's serum from a period
of 46 day of YHV injection.
À≈—ß‰¥â√—∫‡™◊ÈÕ§√—Èß·√° π“π 29 «—π ·≈–§ßÕ¬Ÿà‰¥â∂÷ß 43 «—π
¢≥–∑’Ë„™â‡«≈“ √â“ß¿Ÿ¡‘§ÿâ¡°—πµÕ∫ πÕßµàÕ‡™◊ÈÕ‡¥‘¡∂÷ß 43
«—π ´÷Ëß™â“°«à“°“√ √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕµâ“π∑“πµàÕ‡™◊ÈÕ
‰«√— ‡¥‘¡¢Õß°ÿâß§ÿ√ÿ¡“∑’Ë‡æ‘Ë¡¢÷ÈπÀ≈—ß°“√µ‘¥‡™◊ÈÕ PAV ‡æ’¬ß
21 «—π (Wu et al., 2002) ·≈–™â“°«à“°“√°√–µÿâπ¥â«¬∫’µ“-
1, 3 °≈Ÿ·§π  ‡æ√“–°ÿâß°ÿ≈“¥”¡’°“√ √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π
µàÕ‡™◊ÈÕ WSSV À≈—ß‰¥â√—∫Õ“À“√º ¡∫’µ“-1, 3 °≈Ÿ·§π
‡æ’¬ß 20 «—π (Chang et al., 1999)   à«π°“√°√–µÿâπ¥â«¬
‡™◊ÈÕ YHV ∑”„Àâ°ÿâß°ÿ≈“¥”‡√‘Ë¡ √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—πµàÕ‡™◊ÈÕ
WSSV À≈—ß‰¥â√—∫‡™◊ÈÕ§√—Èß·√°π“π 32 «—π ·≈–§ßÕ¬Ÿà∂÷ß
46 «—π ¢≥–∑’Ë„™â‡«≈“„π°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕµâ“π∑“πµàÕ
‡™◊ÈÕ‡¥‘¡π“π∂÷ß 46 «—π ·≈–¬—ß§ß¡’Õ¬Ÿà®π∂÷ß 73 «—π ®“°Songklanakarin J. Sci. Technol.
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Figure 5. The lymphatic tube with central lumen
of normal Penaeus monodon (LO, lym-
phoid organ  tube;  Lum, lumen;  H&E;
Davidson's fixative, bar  = 50 µm).
Figure 6. Lymphoid organ of Penaeus monodon
with a period of 32 day of PBS inject-
ion. The figure shows numerous lym-
phatic tube with a central lumen. (LO,
lymphoid organ tube; LOS, lymphoid
organ spheroid;  Lum, lumen;  H&E;
Davidson's fixative, bar = 50 µm).
Figure 7. Lymphoid organ of Penaeus monodon
induced by YHV after a 32 day period.
The  figure  shows  several  spheroids
around a normal lymphatic tube (LO,
lymphoid organ tube; LOS, lymphoid
organ spheroid; Lum, lumen; H&E;
Davidson's fixative, bar = 50 µm).
Figure 8. Lymphoid organ of shrimp induced by
WSSV after a 43 day period. The lym-
phatic are of several sizes and show
formation of spheroid (LO, lymphoid
organ  tube;  LOS,  lymphoid  organ
spheroid; Lum, lumen;  H&E;  David-
son's fixative, bar = 50 µm).
º≈¥—ß°≈à“«™’È„Àâ‡ÀÁπ«à“°ÿâß°ÿ≈“¥”§àÕπ¢â“ß„™â√–¬–‡«≈“π“π
„π°“√æ—≤π“√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕµâ“π∑“πµàÕ‡™◊ÈÕ‰«√— ∑’Ë
‡¢â“¡“„π√à“ß°“¬    Õ’°∑—Èß√–∫∫¥—ß°≈à“«§ßµ—«Õ¬Ÿà‰¥â‡æ’¬ß
√–¬–‡«≈“ —ÈπÊ ‡™àπ‡¥’¬«°—∫°ÿâß§ÿ√ÿ¡“∑’Ë√–¥—∫¢Õß¿Ÿ¡‘§ÿâ¡°—π
µàÕ‡™◊ÈÕ‰«√— ‡æ‘Ë¡¢÷ÈπÀ≈—ß‰¥â√—∫‡™◊ÈÕ 21 «—π  ·≈–§ßÕ¬Ÿà‰¥â
‡æ’¬ß 60 «—π (Wu et al., 2002) ·µàµà“ß°—∫§√— ‡µ‡™’¬°≈ÿà¡«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548: «“√‘™»“ µ√å
°“√µÕ∫ πÕß¿Ÿ¡‘§ÿâ¡°—π°ÿâß°ÿ≈“¥”
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Õ◊Ëπ ‡™àπ American lobster (Homarus americanus)
 “¡“√∂ √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕµÕ∫ πÕßµàÕ‚√§
gaffkemia  À≈—ß®“°‰¥â√—∫«—§´’π‡™◊ÈÕµ“¬∑’Ë‡µ√’¬¡®“°
Aerococcus viridans var. homari ´÷Ëß‡ªìπ “‡Àµÿ¢Õß
‚√§‡æ’¬ß 6 «—π ·≈–√–∫∫¥—ß°≈à“«§ßÕ¬Ÿà∂÷ß 93 «—π (Keith
et al., 1992)
Õ¬à“ß‰√°Áµ“¡„π —µ«å™π‘¥‡¥’¬«°—π°ÁÕ“®„Àâº≈∑’Ë
·µ°µà“ß°—π‰¥â ‡™àπ æ∫«à“À≈—ß®“°°ÿâß°ÿ≈“¥”‰¥â√—∫«—§´’π∑’Ë
‡µ√’¬¡®“°‡™◊ÈÕ V. harveyi ‚¥¬°“√º ¡Õ“À“√„Àâ°‘π‡æ’¬ß
10 «—π °ÿâß°Á “¡“√∂µâ“π∑“πµàÕ‡™◊ÈÕ‡¥‘¡‰¥â Ÿß¢÷Èπ ·≈–¡’§à“
‡æ‘Ë¡ Ÿß¢÷Èπ‡√◊ËÕ¬Ê ∂â“„Àâ°‘πµ‘¥µàÕ°—π ·≈–‡¡◊ËÕ„Àâ«—§´’π‚¥¬
°“√·™àæ∫«à“°ÿâß “¡“√∂µâ“π∑“π‡™◊ÈÕ‡¥’¬«°—πÀ≈—ß‰¥â√—∫
«—§´’π‡æ’¬ß 6 «—π  ·µà‡¡◊ËÕ‡≈’È¬ßµàÕ‰ªÕ’° 10 «—π  §«“¡
 “¡“√∂¥—ß°≈à“«°≈—∫≈¥≈ß ( “«‘µ√’ ·≈–°‘®°“√, 2543)
 à«π Chang ·≈–§≥– (1999)  æ∫«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫
Õ“À“√º ¡∫’µ“-1, 3 °≈Ÿ·§π π“π 10 «—π ‰¡à “¡“√∂
µâ“π∑“πµàÕ‡™◊ÈÕ WSSV ‰¥â „π¢≥–∑’Ë°ÿâß™ÿ¥∑’Ë‰¥â√—∫Õ“À“√
π“π 20 «—π ¡’§«“¡ “¡“√∂„π°“√µâ“π∑“π‚√§¥—ß°≈à“«‰¥â
 Ÿß¢÷Èπ  ¥—ßπ—ÈππÕ°®“°√–¬–‡«≈“À√◊Õ™π‘¥¢Õß “√°√–µÿâπ
∑’Ëµà“ß°—π®–¡’º≈µàÕ°“√æ—≤π“√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕµÕ∫
 πÕßµàÕ‡™◊ÈÕ‚√§¢Õß°ÿâß°ÿ≈“¥”‰¥âµà“ß°—π·≈â« πà“®–¡’ªí®®—¬
Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫√–∫∫¥—ß°≈à“«¥â«¬ ‡™àπ Õ“®®–‡ªìπ‰ª
‰¥â«à“°ÿâß∑’Ë¡’Õ“¬ÿ¡“°¢÷Èπ¡’°“√æ—≤π“√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡æ◊ËÕ
µÕ∫ πÕßµàÕ‡™◊ÈÕ‚√§≈¥≈ß ‡π◊ËÕß®“°„π°“√»÷°…“π’Èæ∫«à“
°ÿâß∑’Ë∂Ÿ°°√–µÿâπ¥â«¬‡™◊ÈÕ WSSV 57 «—π À√◊Õ°√–µÿâπ¥â«¬
YHV 73 «—π √«¡∑—Èß°ÿâßÕ“¬ÿ‡∑à“°—π„π™ÿ¥§«∫§ÿ¡¡’§«“¡
µâ“π∑“πµàÕ‡™◊ÈÕ‰«√— ∑—Èß 2 ™π‘¥ µË”°«à“™ÿ¥°“√∑¥≈Õß
‡¥’¬«°—π·µàÕ“¬ÿ°ÿâßπâÕ¬°«à“ ∑—Èß∑’Ë„™â§«“¡‡¢â¡¢âπ‡™◊ÈÕ‡∑à“°—π
´÷Ëß Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Song ·≈–§≥– (1997, Õâ“ß
‚¥¬ Chang et al., 1999)  ∑’Ë«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√
º ¡°≈Ÿ·§π ≈—∫°—∫Õ“À“√ª°µ‘µ≈Õ¥ 135 «—π ‡¡◊ËÕ∑”°“√
∑¥ Õ∫§«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ WSSV ‚¥¬
°“√·™à æ∫«à“°ÿâßÕ“¬ÿ 60 «—π ¡’§«“¡ “¡“√∂„π°“√µâ“π
µàÕ‡™◊ÈÕ WSSV  Ÿß°«à“°ÿâßÕ“¬ÿ 113 «—π ®“°¢âÕ¡Ÿ≈¥—ß°≈à“«
· ¥ß„Àâ‡ÀÁπ«à“°“√æ—≤π“√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß —µ«åπÈ”‡æ◊ËÕ
µÕ∫ πÕßµàÕ‚√§µ‘¥‡™◊ÈÕ·≈– ¿“æ§«“¡‡§√’¬¥µà“ßÊ  ¢÷Èπ
°—∫ªí®®—¬À≈“¬Õ¬à“ß ‰¡à«à“®–‡ªìπ™π‘¥·≈–¢π“¥¢Õß —µ«åπÈ”
™π‘¥ ª√‘¡“≥ ·≈–√–¬–‡«≈“°“√„Àâ “√°√–µÿâπ ™π‘¥·≈–
§«“¡√ÿπ·√ß¢Õß‡™◊ÈÕ‚√§  ¿“æ·«¥≈âÕ¡∑’ËÕ“»—¬ √«¡∑—Èß«‘∏’
°“√„Àâ “√°√–µÿâπ ‡ªìπµâπ
°“√µÕ∫ πÕß√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß°ÿâß°ÿ≈“¥”πÕ°
®“°æ‘®“√≥“®“°Õ—µ√“√Õ¥µ“¬¢Õß°ÿâßÀ≈—ß∑”°“√µ‘¥‡™◊ÈÕ
´È”·≈â«  º≈°“√∑¥ Õ∫ªØ‘°‘√‘¬“°“√≈∫≈â“ßƒ∑∏‘Ï‡™◊ÈÕ‰«√— 
æ∫«à“πÈ”‡≈◊Õ¥°ÿâß¡’ª√– ‘∑∏‘¿“æ≈∫≈â“ßƒ∑∏‘Ï¢Õß‡™◊ÈÕ WSSV
‰¥â¥’°«à“ YHV  ´÷Ëßº≈¥—ß°≈à“« —¡æ—π∏å°—∫§«“¡ “¡“√∂
µâ“π∑“πµàÕ‡™◊ÈÕ‡¥‘¡‰¥â¥’°«à“‡¡◊ËÕ©’¥‡™◊ÈÕ´È” van Hulten
·≈–§≥– (2001) æ∫«à“ “√πÈ” (VP28-antiserum) ∑’Ë·¬°
®“°°√–µà“¬´÷Ëß°√–µÿâπ¥â«¬‚ª√µ’π¢π“¥ 28 kDa ∑’Ë‡ªìπ
‚§√ß √â“ß¢Õß‡ª≈◊Õ°Àÿâ¡‡™◊ÈÕ WSSV  (VP28)  “¡“√∂
≈¥ª√‘¡“≥¢Õß‡™◊ÈÕ WSSV ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ‡™àπ
‡¥’¬«°—π°—∫ Alday-Sanz ·≈–§≥– (1998) ∑’Ëæ∫«à“À≈—ß
®“°°“√°√–µÿâπ‚¥¬°“√©’¥ WSSV- IgY π“π 15-30 π“∑’
 “¡“√∂µ√«®æ∫ anti-WSSV IgY  „π°√–· ‡≈◊Õ¥°ÿâß
°ÿ≈“¥”‰¥â ®“°º≈¥—ß°≈à“«™’È„Àâ‡ÀÁπ«à“§«“¡ “¡“√∂„π°“√
µâ“π∑“πµàÕ‚√§‰«√— ¢Õß°ÿâß°ÿ≈“¥” à«πÀπ÷Ëß  πà“®–¡’º≈
®“° “√πÈ”∫“ß™π‘¥∑’Ë°ÿâßº≈‘µ¢÷ÈπÀ≈—ß°“√‡Àπ’Ë¬«π”¥â«¬‡™◊ÈÕ
‰«√— ∑—Èß WSSV ·≈– YHV ‚¥¬ “√πÈ”¥—ß°≈à“«Õ“®‡ªìπ
‚ª√µ’π∑’Ë¡’≈—°…≥–°÷Ëß®”‡æ“–µàÕ‡™◊ÈÕ WSSV ∑’ËÕ“»—¬°≈‰°
„π°“√®—∫ (binding) ‡™◊ÈÕ‰«√— ‚¥¬µ√ß ´÷Ëß van Hulten
·≈–§≥– (2001) §“¥«à“°≈‰°¢Õß VP 28-antiserum
„π°“√≈¥‡™◊ÈÕ WSSV ∑’Ë‡ªìπ “‡Àµÿ¢Õß‚√§°ÿâß°ÿ≈“¥”‡°‘¥
®“° “√∫“ß™π‘¥∑’Ë¡’Õ¬Ÿà„π´’√—¡®—∫°—∫‚ª√µ’π¢π“¥ 28 kDa
∫π‡ª≈◊Õ°Àÿâ¡Õπÿ¿“§  ∑”„Àâ‰«√—  Ÿ≠‡ ’¬§«“¡ “¡“√∂„π
°“√‡¢â“‡°“–µ‘¥·≈–À≈Õ¡√«¡ à«π¢Õß‡ª≈◊Õ°Àÿâ¡°—∫‡´≈≈å
‡ªÑ“À¡“¬ ‡™àπ‡¥’¬«°—∫ Song ·≈–§≥– (2003) You ·≈–
§≥– (2002)  ∑’Ë§“¥«à“°ÿâß¢“«πà“®–®¥®” à«π¢Õß‚ª√µ’π
‡ª≈◊Õ°Àÿâ¡‡™◊ÈÕ TSV ‰«â ·≈â« √â“ß “√πÈ”∫“ß™π‘¥¢÷Èπ¡“
‡æ◊ËÕµàÕµâ“π‡™◊ÈÕ®÷ß∑”„Àâ°ÿâß∑’Ë‰¥â√—∫‡™◊ÈÕ„π§√—Èß·√°¡’√–∫∫
¿Ÿ¡‘§ÿâ¡°—π∑’Ëµâ“π∑“πµàÕ‡™◊ÈÕ¥—ß°≈à“«‡æ‘Ë¡¢÷Èπ  à«πº≈®“°
°“√∑¥ Õ∫°“√≈∫≈â“ßƒ∑∏‘Ï‡™◊ÈÕ‰«√— ¢ÕßπÈ”‡≈◊Õ¥ ·≈–®“°
°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ‰«√— ∑’Ë¡’
ª√– ‘∑∏‘¿“æ‰¡à∂÷ß 100% Õ“®‡ªìπ‡æ√“– “√πÈ”∫“ß™π‘¥
∑’Ë°ÿâßº≈‘µ¢÷Èπ®“°°“√°√–µÿâπ¥â«¬‡™◊ÈÕ‰«√— ‡æ’¬ß§√—Èß‡¥’¬«¡’
ª√‘¡“≥‰¡à¡“°æÕ∑’Ë®–≈∫≈â“ß‡™◊ÈÕ‰«√— ‰¥â∑—ÈßÀ¡¥  √“¬ß“π
°“√»÷°…“æ∫«à“ VP 28 anti-serum  “¡“√∂≈∫≈â“ß‡™◊ÈÕ
‰«√—   WSSV ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ·µà‡¡◊ËÕ “√¥—ß°≈à“«Songklanakarin J. Sci. Technol.
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Immune response of black tiger shrimp
Ruangsri, J., et al.
∂Ÿ°‡®◊Õ®“ß≈ßª√– ‘∑∏‘¿“æ„π°“√≈¥‡™◊ÈÕ°Á≈¥≈ß¥â«¬ (van
Hulten et al., 2001)  à«πº≈∑’ËπÈ”‡≈◊Õ¥¢Õß°ÿâß√Õ¥µ“¬∑’Ë
ºà“π°“√µ‘¥‡™◊ÈÕ‰«√— ∑—Èß 2 °≈ÿà¡ ≈∫≈â“ßƒ∑∏‘Ï¢Õß‡™◊ÈÕ YHV
‰¥âπâÕ¬¡“° Õ“®‡ªìπ‡æ√“– “√πÈ”∑’Ë √â“ß¢÷Èπ‡æ◊ËÕ¬—∫¬—Èß‡™◊ÈÕ
¥—ß°≈à“«¡’ª√‘¡“≥πâÕ¬®π‡ÀÁπº≈‰¥â‰¡à™—¥‡®π À√◊ÕÕ“®‡ªìπ
‡æ√“–°≈‰°°“√‡¢â“®—∫°—∫‚§√ß √â“ßÕπÿ¿“§‰«√—  YHV
¢Õß‚ª√µ’π∑’Ë°ÿâßº≈‘µ¢÷Èπ¡’ª√– ‘∑∏‘¿“æπâÕ¬    ®÷ßæ∫°ÿâß∑’Ë
√Õ¥µ“¬®“°°“√µ‘¥‡™◊ÈÕ‰«√— ∑—Èß 2 ™π‘¥¡’§«“¡ “¡“√∂„π
°“√µâ“π∑“πµàÕ‡™◊ÈÕ YHV ‰¥âπâÕ¬ Õ¬à“ß‰√°Áµ“¡‡ªìπ‰ª
‰¥â«à“°ÿâß‰¡à¡’°“√ √â“ß “√„¥Ê  ∑’Ë®”‡æ“– ”À√—∫°“√¬—∫¬—Èß
‡™◊ÈÕ YHV ‡π◊ËÕß®“°«‘∂’ (pathway) ∑’ËµÕ∫ πÕßµàÕ‡™◊ÈÕ
YHV ‰¡à∂Ÿ°°√–µÿâπ
‡¡◊ËÕæ‘®“√≥“®“°Õß§åª√–°Õ∫‡≈◊Õ¥∫“ßª√–°“√¢Õß
°ÿâß°ÿ≈“¥”∑’Ë∂Ÿ°‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ„π√–¬–‡«≈“µà“ß
°—π æ∫§«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ‰«√— ‰¥â Ÿß ÿ¥
∑’Ë 46-60 «—π ¡’§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥‡¡Á¥‡≈◊Õ¥∑’Ë‡æ‘Ë¡¢÷Èπ
 Ÿß ÿ¥¥â«¬‡™àπ‡¥’¬«°—π „π¢≥–∑’Ë°ÿâß™ÿ¥∑’Ë‰¥â√—∫°“√‡Àπ’Ë¬«π”
¥â«¬‡™◊ÈÕ YHV ·≈–¡’§«“¡µâ“π∑“πµàÕ‚√§®“°°“√∑¥ Õ∫
‡™◊ÈÕ´È” Ÿß ÿ¥ (43 «—π) ‰¡àæ∫§«“¡·µ°µà“ß¢Õß‡¡Á¥‡≈◊Õ¥
√«¡‡¡◊ËÕ‡∑’¬∫°—∫°ÿâß∑¥≈Õß®“°™ÿ¥Õ◊Ëπ  ®“°º≈¥—ß°≈à“«®÷ß
‡ªìπ‰ª‰¥â«à“§«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ YHV
¢Õß°ÿâß°ÿ≈“¥”‡°‘¥®“°√–∫∫¿Ÿ¡‘§ÿâ¡°—π‚¥¬‡´≈≈å¡“°°«à“
 “√πÈ”µà“ßÊ  ·µà√–∫∫∑’Ë∂Ÿ°°√–µÿâπ„Àâ “¡“√∂µâ“π∑“πµàÕ
‡™◊ÈÕ WSSV  ‡°‘¥®“°∑—Èß√–∫∫∑’Ë¥”‡π‘π°“√‚¥¬‡´≈≈å·≈–
 “√πÈ” ´÷Ëß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‚¥¬‡´≈≈å∑’Ë‡°’Ë¬«¢âÕßÕ¬à“ß™—¥‡®π
®“°°“√»÷°…“π’Èπà“®–‡ªìπ°√–∫«π°“√„π√–∫∫‚ª√æ’‚Õ
‡π◊ËÕß®“°°‘®°√√¡¢Õß‡Õπ‰´¡åøïπÕ≈ÕÕ°´‘‡¥ ∑’Ëµ√«®«—¥
‰¥â®“°°ÿâß∑’Ë‰¥â√—∫°“√°√–µÿâπ¥â«¬‡™◊ÈÕ‰«√— ∑—Èß 2 ™π‘¥¡’§à“
 Ÿß¢÷Èπ   Õ¥§≈âÕß°—∫§«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ‡™◊ÈÕ
‰¥â¥’¢÷Èπ
°“√»÷°…“æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ æ∫«à“°ÿâß°ÿ≈“¥”
∑’Ëµ‘¥‡™◊ÈÕ‰«√— ∑—Èß WSSV ·≈– YHV ·≈– “¡“√∂°”®—¥
‡™◊ÈÕ‰¥â¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈åµàÕ¡πÈ”‡À≈◊Õß‚¥¬æ∫
‡´≈≈å∑’Ë¡’≈—°…≥–‡ªìπ spheroid ¡“°¢÷Èπ ‡™àπ‡¥’¬«°—∫
√“¬ß“π¢Õß  Hasson  ·≈–§≥–  (1999)  æ∫≈—°…≥–
spheroid „πµàÕ¡πÈ”‡À≈◊Õß¢Õß°ÿâß¢“«∑’Ëµ‘¥‡™◊ÈÕ TSV ·∫∫
‡©’¬∫æ≈—π®π∂÷ß‡√◊ÈÕ√—ß  ‡™àπ‡¥’¬«°—∫µàÕ¡πÈ”‡À≈◊Õß·¡à°ÿâß
°ÿ≈“¥”∑’Ë‡§¬µ‘¥‡™◊ÈÕ YHV  ·≈–°ÿâß∑’Ëµ‘¥‡™◊ÈÕ·∫§∑’‡√’¬ V.
anguillarum  °Á “¡“√∂æ∫  spheroid  ¿“¬„πµàÕ¡
πÈ”‡À≈◊Õß‰¥â‡™àπ‡¥’¬«°—π (Flegel et al., 1997; van de
Braak et al., 2002) ®“°º≈°“√∑¥≈Õßπ’È·≈–®“°¢âÕ¡Ÿ≈
µà“ßÊ ¢â“ßµâπ· ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ°ÿâßµ‘¥‡™◊ÈÕæ¬“∏‘ ¿“æ¢Õß
µàÕ¡πÈ”‡À≈◊Õß®–¡’°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ spheroid ´÷Ëßπà“
®–‡ªìπ°≈‰°„π°“√°”®—¥∑—Èß‡™◊ÈÕ‰«√— ·≈–·∫§∑’‡√’¬  ·≈–
Õ“®√«¡∂÷ß‡™◊ÈÕ·≈– ‘Ëß·ª≈°ª≈Õ¡Õ◊ËπÊ  ∑’Ë‡¢â“ Ÿàµ—«°ÿâß∑–‡≈
‡æ√“– van de Braak ·≈–§≥– (2002) æ∫ spheroid
„πµàÕ¡πÈ”‡À≈◊Õß¢Õß°ÿâß°ÿ≈“¥”∑’Ë©’¥ “√≈–≈“¬øÕ ‡øµ
∫—æ‡øÕ√å  Õ¥§≈âÕß°—∫º≈°“√»÷°…“π’È∑’Ëæ∫ spheroid ‰¥â
„πµàÕ¡πÈ”‡À≈◊Õß°ÿâß™ÿ¥§«∫§ÿ¡  Õ¬à“ß‰√°Áµ“¡√Ÿª·∫∫¢Õß
spheroid   à«π„À≠à¡’≈—°…≥–‡À¡◊Õπ°—∫°“√øÕ√å¡µ—«„π
√–¬–·√°Ê ·≈–¡’®”π«π§àÕπ¢â“ßπâÕ¬°«à“°ÿâß∑’Ëµ‘¥‡™◊ÈÕ‰«√— 
´÷Ëß¢—¥·¬âß°—∫¢âÕ —ππ‘…∞“π¢Õß Anggraeni ·≈– Owens
(2000)  ·≈–  Flegel  ·≈–§≥–  (1997)  ∑’Ë«à“≈—°…≥–
spheroid  ∑’Ë‡°‘¥¢÷Èπ„πµàÕ¡πÈ”‡À≈◊Õßπà“®–‡ªìπ°≈‰°∑’Ë
®”‡æ“–‡®“–®ß„π°“√°”®—¥‡™◊ÈÕ‰«√— ¢Õß°ÿâßµ√–°Ÿ≈æ’‡π’¬ 
´÷Ëß√“¬≈–‡Õ’¬¥‡°’Ë¬«°—∫ spheroid „πµàÕ¡πÈ”‡À≈◊Õß°ÿâß
°ÿ≈“¥”∑’Ë‡°‘¥¢÷ÈπÀ≈—ß®“°µ‘¥‡™◊ÈÕ™π‘¥µà“ßÊ  ∑—Èß√Ÿª·∫∫·≈–
ª√‘¡“≥∑’Ë‡°‘¥À≈—ß®“°°”®—¥‡™◊ÈÕÕÕ°‰ª‰¥â„π√–¬–‡«≈“
µà“ßÊ ¡’§«“¡ —¡æ—π∏å°—πÕ¬à“ß‰√π—Èπ¬—ß‰¡à¡’¢âÕ¡Ÿ≈∑’Ë™—¥‡®π
®÷ßπà“®–∑”°“√»÷°…“‚¥¬„™â‡∑§π‘§Õ◊ËπÊ  ‡™àπ  Immuno-
histochemistry in situ hybridization ¡“ª√–°Õ∫°“√
»÷°…“«‘®—¬¥â«¬    ·µà®“°¢âÕ¡Ÿ≈∑’Ë‡°’Ë¬«¢âÕß°—∫æ¬“∏‘ ¿“æ
¢Õß‡π◊ÈÕ‡¬◊ËÕ¢â“ßµâπ· ¥ß„Àâ‡ÀÁπ«à“°“√‡ª≈’Ë¬π·ª≈ßµà“ßÊ
∑’Ë‡°‘¥¢÷Èπ„π‡π◊ÈÕ‡¬◊ËÕ à«πµà“ßÊ πÕ°®“°®–„™â»÷°…“‡æ◊ËÕ∫àß™’È
∂÷ß°“√µ‘¥‡™◊ÈÕÀ√◊Õ°“√‡°‘¥‚√§·≈â« πà“®– “¡“√∂„™â∫àß™’È∂÷ß
¿“«–∑’Ë‡°’Ë¬«¢âÕß°—∫√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß°ÿâß‰¥â¥â«¬
°‘µµ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥»Ÿπ¬åæ—π∏ÿ«‘»«°√√¡·≈–‡∑§‚π‚≈¬’
™’«¿“æ·Ààß™“µ‘ (»«∑™.) ·≈–∫—≥±‘µ«‘∑¬“≈—¬ ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å Õ”‡¿ÕÀ“¥„À≠à ®—ßÀ«—¥ ß¢≈“ ∑’Ë„Àâ∑ÿπ
Õÿ¥Àπÿπ„π°“√∑”ß“π«‘®—¬§√—Èßπ’È«.  ß¢≈“π§√‘π∑√å «∑∑.
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